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Abstract 
By	the	end	of	the	century,	changes	in	temperature	and	rainfall,	rising	sea	levels	
and	the	likely	increase	in	extreme	weather	events	will	have	a	considerable	impact	on	
horticulture.	Globally,	agriculture,	deforestation	and	other	 land	uses	are	responsible	
for	about	25%	of	greenhouse	gas	emissions.	Faced	with	these	changes,	ensuring	food	
security	 for	 all,	 especially	 for	 the	 poorest,	 is	 a	 major	 global	 challenge	 for	
horticulturists.	Farmers	from	all	around	the	globe	will	have	to	adapt	to	new	contexts	
and	this	requires	profound	changes.	The	concept	of	climate-smart	agriculture	is	based	
on	 the	premise	 that	 it	 is	possible	 to	ensure	production	meets	 the	needs	of	 farmers	
while	adapting	 to	and	mitigating	 climate	 change.	CSA	 refers	 to	agricultural	 systems	
that	increase	food	security	in	the	face	of	climate	change,	enhance	adaptive	capacity	of	
farmers	to	the	impacts	of	climate	change,	and	mitigate	climate	change	where	possible.	
CSA	has	quickly	been	 integrated	 into	the	global	development	agenda;	 it	 is	not	a	new	
set	of	practices	to	be	promoted	to	 farmers,	but	rather	an	 integrated	approach	to	the	
implementation	of	agricultural	development	policies	and	programmes	that	strives	to	
improve	 food	 security,	 livelihoods,	 and	 resilience	 under	 the	 realities	 of	 climate	
change,	while	at	the	same	time	capturing	mitigation	co-benefits	where	possible.	
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INTRODUCTION	
The	 Paris	 COP	 21	 Climate	 Change	 Agreement	 was	 reported	 as	 a	 major	 success.	
However,	this	was	in	so	far,	as	many	thought	any	kind	of	agreement	at	all	was	unlikely	and	
because	 the	 Agreement	 includes	 Article	 2:	 an	 aspiration	 to	 maintain	 average	 global	
temperature	 increases	 to	 significantly	 less	 than	 2°C.	 There	 are	 still	 questions	 remaining	
though:	 if	 the	Paris	Agreement	 is	a	 success	of	 sorts,	has	anything	 fundamental	 changed	 in	
order	to	translate	the	conditional	success	of	achieving	an	agreement	into	an	actual	success	
that	will	realise	the	goals	of	the	Agreement	(Morgan,	2016)?	
At	 the	 21st	 meeting	 of	 the	 Conference	 of	 the	 Parties	 (COP21)	 in	 Paris,	 the	 French	
Minister	 of	Agriculture	 officially	 launched	 the	4PT	 (4	per	 thousand)	declaration.	 The	4‰	
Initiative	is	aimed	at	tackling	major	issues	such	as	soil	degradation	which	poses	a	threat	to	
over	 40%	 of	 the	 world’s	 dry	 land	 and	 it	 is	 being	 accelerated	 by	 climate	 change.	 Such	
degradation	has	negative	impacts	on	food	security	and	family	farming.	Our	ability	to	feed	9.5	
billion	 human	 beings	 in	 2050	 in	 the	midst	 of	 climate	 change	will	 notably	 depend	 on	 our	
ability	to	protect	living	soils.	There	is	a	strong	correlation	between	agricultural	production	
and	soil	health,	 for	which	 the	principal	 indicator	 is	 its	organic	matter	 content.	Productive,	
stable	soils	are	directly	conducive	to	farms’	resilience	in	the	face	of	climate	change.	Soils	that	
are	richer	in	carbon	cope	better	with	the	impacts	of	climate	change	because	they	withstand	
erosion	and	retain	water	more	effectively,	especially	during	extreme	events	such	as	drought.	
THE	PARIS	AGREEMENT	IMPACTS	GLOBAL	HORTICULTURE	
The	2015	UN	climate	negotiations	in	Paris	resulted	in	an	inclusive,	binding	treaty	that	
succeeded	 the	Kyoto	 Protocol.	 In	 contrast	 to	 the	 failure	 at	 Copenhagen	 in	 2009,	 the	 Paris	
negotiations	are	therefore	seen	as	a	major	diplomatic	success	that	has	regenerated	faith	in	
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the	 United	 Nations	 Framework	 Convention	 on	 Climate	 Change	 as	 a	 forum	 for	 dynamic	
multilateralism.	The	Paris	Agreement	provides	a	robust	framework	for	ratcheting	up	efforts	
to	combat	global	warming	(Christoff,	2016).	
Indeed,	the	final	agreement	was	signed	by	195	countries,	thus	ending	the	Copenhagen	
trauma	and	creating	a	renewed	atmosphere	of	confidence	among	signatory	nations.	These	
nations	agreed	on	holding	the	increase	in	the	global	average	temperature	to	well	below	2°C	
above	pre-industrial	 levels	and	to	pursue	efforts	to	limit	the	temperature	increase	to	1.5°C	
above	 pre-industrial	 levels,	 recognizing	 that	 this	 would	 significantly	 reduce	 the	 risks	 and	
impacts	of	climate	change.	The	Paris	agreement	also	refers	to	increasing	the	ability	to	adapt	
to	the	adverse	impacts	of	climate	change	and	foster	climate	resilience	and	 low	greenhouse	
gas	 emissions	 development,	 in	 a	 manner	 that	 does	 not	 threaten	 food	 production.	 Finally,	
consensus	was	 obtained	 on	making	 finance	 flows	 consistent	with	 a	 pathway	 towards	 low	
greenhouse	gas	emissions	and	climate-resilient	development.	
At	 least	 an	 agreed	 text	 exists,	 which	 will	 serve	 as	 a	 basis	 for	 numerous	 “climate	
initiatives”	 which	 will	 involve	 various	 participating	 actors	 such	 as:	 governments,	 public	
bodies,	private	sector,	NGOs,	the	civil	society.	More,	the	Paris	Agreement	is	a	commitment	for	
all	 countries	 (not	only	developed	ones	as	 agreed	 in	 the	Tokyo	agreement)	and	developing	
countries	are	committed	to	climate	change	mitigation,	not	to	adaptation	only.	
Besides	 sizeable	 and	 unprecedented	 advances,	 pessimistic	 observers	 cannot	 refrain	
looking	at	the	half-empty	glass	resulting	from	the	Paris	Agreement:	indeed,	the	1.5°C	target	
is	more	a	symbol	than	a	realistic	goal,	so	it	would	be	more	realistic	to	agree	on	achieving	the	
peaking	 of	 GHG	 emissions	 as	 soon	 as	 possible.	 More,	 the	 cumulated	 INDCs	 (intended	
nationally	 determined	 contributions)	 by	 country	 can	 only	 induce	 a	 2.7-3.5°C	 reduction	 at	
best.	
Although	 the	protection	of	 food	 security	 lies	within	 the	 core	objective	 of	 the	United	
Nations	 Framework	 Convention	 on	 Climate	 Change	 (UNFCCC),	 formal	 arrangements	 for	
addressing	 agriculture	within	 COP21	 are	 unlikely	 (Hedger	 et	 al.,	 2015).	 The	 Paris	 climate	
agreement	 is	 not	 prescriptive	 about	 how	 adaptation	 in	 agriculture	 is	 supported	 and	 how	
agriculture	might	contribute	to	emission	cuts.	These	issues	are	addressed	within	countries’	
INDCs	and	determined	at	national	level.	
The	 Paris	 Agreement	 also	 does	 not	 answer	 to	 the	 pivotal	 question	 about	 how	
developed	 nations	will	 feed	 the	 US$	 100	 billion	 fund	 and	 it	 does	 not	mention	 either	 any	
compensation	 for	climate-related	 loss	and	damage	suffered	by	developing	countries	which	
are	already	impacted	by	climate	change.	
A	careful	reading	of	the	official	text	reveals	that	the	terms	agriculture,	horticulture	or	
livestock	are	not	mentioned	 in	 the	Paris	Agreement,	even	 if	 it	 recognizes	 the	 fundamental	
priority	of	safeguarding	food	security	and	ending	hunger,	and	the	particular	vulnerabilities	
of	 food	 production	 systems	 to	 the	 adverse	 impacts	 of	 climate	 change.	 The	 Agreement	
stipulates:	 “Increasing	 the	 ability	 to	 adapt	 to	 the	 adverse	 impacts	 of	 climate	 change	 and	
foster	climate	resilience	and	low	greenhouse	gas	emissions	development,	 in	a	manner	that	
does	not	threaten	food	production”.	
It	 recognizes	 the	 implementation	 of	 policy	 approaches	 and	 positive	 incentives	 for	
reducing	emissions	from	deforestation	and	forest	degradation,	and	the	role	of	conservation,	
sustainable	management	of	forests	and	enhancement	of	forest	carbon	stocks.	
The	Paris	Agreement	includes	“the	principle	of	equity	and	common	but	differentiated	
responsibilities	 and	 respective	 capabilities”.	 This	 means	 that	 developing	 countries	 have	 a	
role	to	play	in	terms	of	reducing	emissions	or	storing	carbon	which	cannot	be	limited	to	the	
sole	adaptation	to	climate	change.	This	role	in	mitigation	can	be	symbolic	for	some	countries	
that	emit	virtually	no	greenhouse	gases	but	it	is	of	paramount	importance	for	one	key	area:	
carbon	in	soil.	Indeed,	there	is	a	very	high	potential	for	offsetting	anthropogenic	emissions	of	
greenhouse	gases	by	increasing	carbon	in	soil,	especially	in	tropical	areas.	
CARBON	IN	SOILS	AND	CLIMATE	CHANGE:	THE	4‰	ASSUMPTION	
At	 the	 21st	 meeting	 of	 the	 Conference	 of	 the	 Parties	 (COP21)	 in	 Paris,	 the	 French	
Minister	of	Agriculture	officially	 launched	 the	4PT	 (4	per	 thousand)	declaration,	 “Soils	 for	
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Food	Security	and	Climate”.	With	the	68th	United	Nations	(UN)	General	Assembly	declaring	
2015	as	the	International	Year	of	Soils,	the	French	Minister	of	Agriculture,	Stephane	Le	Foll,	
used	 the	 UN	 declaration	 and	 the	 COP21	 negotiations	 to	 highlight	 the	 climate	 change	
mitigation	potential	of	healthy	soils	(Le	Foll,	2015).	
Indeed	agricultural	management	has	depleted	global	Soil	Organic	Carbon	(SOC)	stocks	
by	 as	 much	 as	 66±12	 Pg	 (petagram	 [72.8±13.2	 billon	 US	 tn])	 (Lal,	 1999).	 Thus	 taking	
aggressive	 steps	 to	 move	 C	 out	 of	 the	 atmosphere	 and	 into	 healthy	 soils	 will	 help	 the	
agricultural	 sector	 feed	 a	 growing	 population,	 buffer	 against	 climate	 change	 impacts,	 and	
contribute	 to	 greenhouse	 gas	 (GHG)	mitigation	 (Smith,	 2012).	 Enhancing	 SOC	 stocks	 will	
improve	 infiltration	 and	 soil	water	 holding	 capacity	 as	 precipitation	 events	 become	more	
intense	and	regions	are	subject	to	intense	droughts.	
The	 French	 4PT	 declaration	 (Figure	 1)	 strives	 to	 address	 global	 climate	 change	
through	 the	 aspirational	 goal	 of	 enhancing	 the	 C	 stock	 on	 a	 large	 portion	 of	 the	 world’s	
managed	soils	by	an	average	annual	increase	of	0.4%,	hence	the	“4	per	Thousand”	moniker	
(Chambers	et	al.,	2016).	The	4‰	Initiative,	launched	by	France,	sets	out	to	bring	together	all	
willing	 contributors	 in	 the	 public	 and	 private	 sectors	 (national	 governments,	 local	 and	
regional	government,	companies,	trade	organisations,	NGOs,	research	facilities,	and	others)	
under	the	framework	of	the	Lima-Paris	Action	Agenda	(LPAA).	The	aim	of	the	Initiative	is	to	
demonstrate	 that	 agriculture,	 and	 agricultural	 soils	 in	 particular,	 can	 play	 a	 crucial	 role	
where	food	security	and	climate	change	are	concerned.	Based	on	robust	scientific	evidence,	
the	Initiative	therefore	invites	all	partners	to	declare	or	to	implement	practical	programmes	
for	carbon	sequestration	in	soil	and	the	types	of	farming	methods	used	to	promote	it.	The	“4	
per	1,000”	Initiative	wants	to	demonstrate	that	agriculture	can	provide	practical	solutions	to	
the	challenge	of	climate	disruption,	while	also	meeting	that	posed	by	food	security	through	
the	 use	 of	 farming	 methods	 that	 match	 local	 conditions:	 e.g.,	 agroecology,	 agroforestry,	
conservation	 agriculture,	 landscape	 management.	 The	 goal	 of	 the	 initiative	 is	 to	 engage	
stakeholders	 in	 a	 transition	 towards	 a	 productive,	 resilient	 agriculture,	 based	 on	 a	
sustainable	soil	management	and	generating	jobs	and	incomes,	hence	ensuring	sustainable	
development.	
	
Figure	1.	Rationale	of	the	“4	per	thousand”	Initiative.	
A	“4‰”	annual	growth	rate	of	the	soil	carbon	stock	would	make	it	possible	to	stop	the	
present	increase	in	atmospheric	CO2.	Based	on	the	principles	of	Climate	Smart	Agriculture,	it	
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addresses	major	fields	of	R&D	in	horticulture,	such	as	conservation	agriculture,	agroecology,	
agroforestry	and	landscape	management.	CSA	is	not	a	new	set	of	practices	to	be	promoted	to	
farmers,	 but	 rather	 an	 integrated	 approach	 to	 the	 implementation	 of	 agricultural	
development	policies	and	programmes	that	strives	to	improve	food	security,	livelihoods,	and	
resilience	under	the	realities	of	climate	change,	while	at	the	same	time	capturing	mitigation	
co-benefits	where	possible.	
This	new	program	 for	carbon	sequestration	 in	agriculture	 initiated	at	COP21	 is	now	
reinforced	 by	 international	 partnership	 gathering	 34	 States	 and	 Communities,	 8	
International	Organizations	 such	 as	 FAO	or	 the	World	Bank	Group,	 29	Research	 Institutes	
and	Universities	among	which	Cirad	and	CGIAR,	27	producers	organisations,	48	civil	society	
partners	 and	 27	 private	 sector	 partners.	 The	 initiative	 is	 focusing	 on	 four	 priority	 areas,	
namely:	 i)	mechanisms	and	potentials;	 ii)	performance	evaluation	of	cropping	systems;	 iii)	
appropriate	policies;	and	iv)	monitoring	and	verification.	
PRINCIPLES	OF	CLIMATE	SMART	AGRICULTURE/HORTICULTURE	
Climate-smart	 agriculture	 (CSA)	 is	 an	 approach	 for	 transforming	 and	 reorienting	
agricultural	 systems	 to	 support	 food	 security	 under	 the	 new	 realities	 of	 climate	 change	
(Lipper	 et	 al.,	 2014).	 Widespread	 changes	 in	 rainfall	 and	 temperature	 patterns	 threaten	
agricultural	 production	 and	 increase	 the	 vulnerability	 of	 people	 dependent	 on	 agriculture	
for	their	livelihoods,	which	includes	most	of	the	world’s	poor.	Climate	change	disrupts	food	
markets,	posing	population-wide	risks	to	food	supply.	Threats	can	be	reduced	by	increasing	
the	adaptive	capacity	of	farmers	as	well	as	increasing	resilience	and	resource	use	efficiency	
in	 agricultural	 production	 systems.	 CSA	 promotes	 coordinated	 actions	 by	 farmers,	
researchers,	 private	 sector,	 civil	 society	 and	 policymakers	 towards	 climate-resilient	
pathways	 (Figure	2)	 through	 four	main	action	areas:	 (1)	building	evidence;	 (2)	 increasing	
local	 institutional	 effectiveness;	 (3)	 fostering	 coherence	 between	 climate	 and	 agricultural	
policies;	 and	 (4)	 linking	 climate	 and	 agricultural	 financing.	 CSA	 differs	 from	 ‘business-as-
usual’	 approaches	 by	 emphasizing	 the	 capacity	 to	 implement	 flexible,	 context-specific	
solutions,	supported	by	innovative	policy	and	financing	actions.	
	
Figure	2.	Components	of	climate	smart	agriculture/horticulture.	
For	 horticulturists,	 the	 challenge	 is	 to	 maximize	 carbon	 sequestration	 in	 the	 soil	
through	 the	 breeding	of	 crops	with	 improved	 tolerance	 to	heat,	water	 stress	 and	nutrient	
deficit,	thus	boosting	net	biome	productivity	(Figure	3).	For	example,	the	tin	gene	in	wheat	
was	identified	as	a	tillering	inhibition	gene	which	influences	root-shoot	carbon	partitioning	
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and	 pattern	 of	 water	 use	 to	 improve	 productivity	 (Hendriks	 et	 al.,	 2016).	 These	 authors	
demonstrated	that	the	presence	of	the	tin	gene	and	its	likely	role	in	modifying	tiller	number	
slowed	and	deferred	water	use,	while	maintaining	yield	potential.	
	
Figure	3.	Reducing	CO2	emissions	is	in	horticulturists’	hands.	
Controlling	the	root	to	shoot	ratio	through	the	allocation	of	carbon	to	the	root	systems	
also	 impacts	 soil	 C	 sequestration	 (Lu	 and	 Yong-Ling,	 2015).	 Indeed,	 long	 term	 carbon	
sequestration	 can	 only	 on	 the	 deposition	 of	 C	 through	 allocation	 to	 deep	 roots:	 a	 direct	
positive	effect.	Besides	C	 loss	 through	root	exudates	boosts	 soil	 respiration	and	negatively	
affects	C	sequestration	(…but	soil	improvement	has	to	be	taken	into	account).	There	is	thus	a	
need	to	unravel	the	genes	involved	in	carbon	partitioning	and	exudation.	
CONCLUSION	
Agriculture	(including	horticulture)	is	not	only	an	actor	(25%	of	GHG	emissions)	but	
also	 a	 victim	 of	 climate	 change.	 An	 integrated	 approach	 is	 fundamental	 for	 achieving	 the	
multiple	 objective	 of	 climate	 smart	 horticulture;	 it	 will	 include	 adaptation	 and	mitigation	
goals	along	with	improvement	in	horticultural	crop	productivity,	economic	development	and	
livelihood	through	converting	waste	to	wealth.	
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